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Physics	
  Mo=va=on

!MET	
  triggers	
  are	
  essen>al	
  to	
  searches	
  for	
  new	
  physics,	
  in	
  addi>on	
  
to	
  benchmark	
  physics	
  processes	
  
❖ Any	
  hint	
  of	
  new	
  physics	
  in	
  Runs	
  2	
  or	
  3	
  must	
  be	
  inves>gated	
  in	
  
detail	
  &	
  corroborated	
  through	
  complementary	
  channels	
  

! Calorimeter	
  Triggers	
  in	
  Phase-­‐II	
  
❖ Pileup	
  mi>ga>on	
  in	
  a	
  harsh	
  environment	
  (up	
  to	
  μ=200)	
  is	
  cri>cal	
  
to	
  maintain	
  the	
  MET	
  trigger	
  performance	
  	
  

❖ The	
  forward	
  region	
  is	
  par>cularly	
  challenging	
  
❖ L1Global	
  is	
  especially	
  important	
  in	
  the	
  low	
  &	
  middle	
  scenarios	
  
where	
  the	
  L1	
  rate	
  is	
  limited	
  to	
  200	
  kHz	
  

❖ Opportunity	
  for	
  significant	
  performance	
  gains	
  with	
  a	
  modest	
  
investment	
  in	
  R&D
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Challenge	
  of	
  Forward	
  Jets

! Forward	
  jets	
  dominate	
  at	
  high	
  pileup
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! As	
  soon	
  as	
  the	
  tracking	
  boundary	
  is	
  reached,	
  pileup	
  jets	
  take	
  over 
(note:	
  plot	
  below	
  is	
  op>mis>c,	
  does	
  not	
  include	
  edge	
  effects)
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• analyst smear HS jets and add FullSim PU jets -> jet array in every 
analyses

• all other selection criteria typically applied on the leading, sub-leading 
jet (mjj, DYjj for VBF for example)

• adding PU has drastic impact especially on backgrounds in VBF analyses 
(~40% contamination)

18
|<3.2
j

d [GeV], |
T,PU+HS

 p
0 50 100 150 200 250

En
tri

es

1

10

210

310

410

510

610 ATLAS Internal

> = 61.9471
T

<p ALL

 > 25 GeV
T,j

p
ATLAS Internal

> = 46.4988
T

<p PU

 > 25 GeV
T,j

p
ATLAS Internal

> = 76.8659
T

<p HS

 > 25 GeV
T,j

p

90% HS Eff - LOOSE 
pTMAX = 50 GeV

signal = VBF H->yy PU
d 

-4 -3 -2 -1 0 1 2 3 4

En
tri

es

2000

4000

6000

8000

10000

12000

14000

16000 ATLAS InternalPUj No TC
 90%HSDPUj TC, 
 70%HSDPUj TC, 

 > 25 GeV
T,j

p

4.0 Forward TC, “275M” scenario

S.	
  Majewski,	
  TDAQ	
  Phase	
  II	
  R&D

R. Polifka, U Toronto;  
M. Testa, INFN Frascati

from the hard-scatter vertex divided by the fully calibrated jet pT , including pile-up subtraction:

RpT =
⌃k ptrkkT (PV0)

p jet
T

(4)

Small values of RpT correspond to jets with small charge particle pT fractions originating from the hard
scatter vertex PV0 and therefore are very likely to be pile-up jets. The performance of the RpT variable to
tag and reject central jets under Run 1 and HL-LHC conditions is documented in [32] and [33].

Studies have been performed using Z ! µµ events at 14 TeV with an average luminosity µ=140, generated
with an uniform luminosity profile with µ ranging from 130 up to 150. Reconstructed tracks with ⌘ < (�)
2.5 were required to have at least 10 (8) silicon hits and at most one silicon hole.

In studies using information on truth charged particles, their z0 and pT have been smeared using ITk
resolution functions determined from studies of single-track resolution in the ITk LoI-VF geometry. The
values of the uncertainty on z0 and pT used are shown in Figure 40. The detector model with no passive
material, similar to the LOI-VF full simulation, has been used. Note that the additional passive material
is largest in the forward region, consequently the results shown here are probably optimistic.

Requirement on the z0 and pT of the truth charged particles are applied after the smearing.

In both analysis a requirement that the z0 of a track is within 1.5mm of the primary vertex is applied. Only
tracks with pT > 1 GeV are considered in the definition of RpT .

The distribution of RpT for hard-scatter and pile-up jets in three di�erent ⌘ regions for full simulation
generated events is shown in Figure 72.
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Figure 72: RpT distribution for hard-scatter and pile-up jets for jets with 20 < pT < 30 GeV in three ⌘ regions.

As expected, the shape of the RpT distribution is very di�erent for hard-scatter and pile-up jets, with
pile-up jets primarily contributing to the low end of the RpT spectrum. In addition, it is observed that a
large fraction of the discrimination power of this observable can be retained in the very forward region,
as the shape of the RpT distribution for signal and pile-up jets does not show qualitatively large variations
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Topocluster-­‐like	
  Processing
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
JetEtmissApproved2013HighMuEtmiss

! Topoclustering	
  has	
  proven	
    
especially	
  effec>ve	
  against	
  pileup	
   
in	
  offline	
  jet	
  reconstruc>on	
  and	
   
in	
  the	
  EF	
  (HLT)	
  in	
  Run	
  1	
  (2)	
  

! Ex,ymiss	
  resolu>on	
  increases	
  linearly	
    
wrt	
  the	
  number	
  of	
  truth	
  ver>ces, 
but	
  is	
  independent	
  of	
  μ	
  

! σnoise	
  includes	
   
electronic	
  ⊕	
  pile-­‐up

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013HighMuEtmiss


Topocluster-­‐like	
  Processing
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  Majewski,	
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! LAr	
  Phase-­‐I	
  TDR	
  Study 
only	
  includes	
  supercells	
    
in	
  MET	
  calcula>on	
  if	
   
middle	
  LAr	
  layer	
  sa>sfies 
|E|	
  >	
  2σ	
  

! ~20	
  GeV	
  reduc>on	
  in	
  MET  
threshold	
  for	
  same	
  rate 
(|η|	
  <	
  4.9)	
  

! “Easy”	
  to	
  implement	
  in	
   
LAr	
  DPS	
  or	
  aker	
  L1	
  Accept,	
   
even	
  in	
  Phase	
  I 
[assuming	
  FPGA	
  resources]



Topoclustering	
  +	
  Forward	
  Jets

! Plenty	
  of	
  room	
  for	
  improvement	
  between	
  expected	
  Run	
  3	
  
performance	
  and	
  Offline	
  

! Strategy	
  is	
  compa>ble	
  with	
  a	
  poten>al	
  finer	
  granularity	
  forward	
  
calorimeter	
  (sFCal)	
  and/or	
  a	
  high-­‐granularity	
  >ming	
  detector
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Performance: Geometric Method

Our implementation shows a very slight improvement over the Anti-kT 
window definition (this plot uses R=0.4 with Gaussian weighting).

● Performance is still approximately 
the same as running Anti-kT on 
supercells.

● Turn-on curves still have nearly 
identical shape at constant rate.

● Performance isn't very sensitive to 
the parameter R, as long as it's 
above ~0.3.

Run 2 Performance

Sliding Window (SCs)

Geometric Window

Anti-kT on SCs

Offline Reco.

Low stats

B. Balunas, UPenn

Simulation

⌘ Electron in FCal (left) and sFCal (right)
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Simulation

⌘ Electron in FCal (left) and sFCal (right)
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⌘ Jet in FCal (left) and sFCal (right)
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Figure 2. Schematic of Phase-II ATLAS Trigger. For clarity, the FELIX readout of the trigger systems is not
shown in the diagram. The Barrel Trigger Processor comprises the Barrel Sector Logic and the Barrel Level-0
MDT Trigger Processors. The Endcap Trigger processor comprises the NSW Trigger Processor, the Endcap
Sector Logic and the Endcap MDT Trigger Processors.

information. A schematic of the data flow for the proposed Phase-II trigger is shown in Figure 2.472

The Level-0 and Level-1 Central Trigger Processors (CTPs)III.4, shown in the figure, collect the473

trigger elements from the respective components of the trigger systems, apply vetoes, dead time474

and pre-scales, and distribute the Level-0 and Level-1 Accept signals.475

In order to have flexibility for future improvements, such as a single-level hardware trigger sys-476

tem, and to provide some contingency, any new electronics for ATLAS is required to be compatible477

with longer latencies, as given in Table 3. Detector elements are required to accommodate latencies478

of up to 10µs at Level-0 and 60µs at Level-1. Detector elements are also required to be compatible479

with average Level-0 rates of up to 1 MHz and average Level-1 rates of up to 400 kHz. Detectors480

buffer data during the Level-0 and Level-1 latencies, either on-detector or off-detector, as noted in481

Table 4. Off-detector buffering allows maximum flexibility for future changes to the trigger in the482

Reference scenario. In the Middle and Low scenarios, the legacy MDT system severely restricts this483

flexibility.484

In all scenarios the Trigger Level-0 trigger rate has been increased with respect to the Phase-II485

LoI to increaser the physics acceptance, especially for tau triggers. This is motivated in the trigger486

menu section below III.7. In addition, Level-0 and Level-1 detector latencies have been increased to487

allow flexibility in case the limitations from the legacy MDT system can be removed.488

The Phase-II DAQ system described in Section III.5 is designed to make maximal use of com-489

mercial networking and computing hardware. Data from the detectors will be transferred from the490

III: Trigger and Data Acquisition System Page 14 of 146
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! In	
  LAr	
  DPS:	
  Calculate	
  whether	
  ET	
  in	
  each	
  cell	
  is	
  above	
  4σ,	
  2σ,	
  or	
  0	
  

! Transmit	
  resul>ng	
  flagged	
  cells	
   
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  via	
  fiber?	
   
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  over	
  ATCA	
  backplane?	
   
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  to	
  FELIX?	
  

! “Clustering	
  algorithm”	
  performed	
  in	
  FPGA,	
   
in	
  a	
  dedicated	
  module?	
  superHub?	
  aggregator?	
  

! Benchmark	
  against	
  offline	
  topoclustering	
  

! Main	
  Challenge	
  (reason	
  for	
  R&D):	
  

! Topoclustering	
  algorithm	
  was	
  developed	
  for	
  offline	
  use	
  on	
  a	
  CPU,	
  
and	
  is	
  a	
  sequen=al	
  algorithm	
  

➡ Cannot	
  be	
  implemented	
  `out-­‐of-­‐the-­‐box’	
  in	
  a	
  FPGA	
  

! Engineering/technical	
  exper>se	
  needed	
  for	
  adop>on

Possible	
  Implementa=on(s)

S.	
  Majewski,	
  TDAQ	
  Phase	
  II	
  R&D
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Abstract 

     1706.5 GeV            1658.8GeV

20-3-1 GeV

Algorithm Performance Algorithm Optimization

Topological clustering is the current method for calorimeter object 
reconstruction and suppression of multiple interactions per crossing 
(pileup) in the ATLAS detector at the Large Hadron Collider. We 
present simulation studies adopting this technique for the Level-1 
Calorimeter trigger in the Phase-I and Phase-II upgrades of the 
trigger electronics. Applying a modi.ed topological clustering 
algorithm to the 0.2x0.2 (in eta-phi) towers of the global feature 
extractor (gFEX), a component of the Level-1 trigger system for the 
Phase-I upgrade, we aim to improve the performance of the jet and 
missing transverse energy triggers. In particular, we focus on 
reconstructing so-called “boosted” objects, whose transverse 
momenta are large compared to their masses. 7e results of these 
studies are also applicable to a potential dedicated module with 
access to the full calorimeter granularity that may be implemented 
in the Phase-II upgrade.

ATLAS Calorimeter Trigger Upgrades 

Next Steps

Goals for Algorithm

Seed Layer
(20 GeV)

Primary
Layer
(3 GeV)

Perimeter
Layer
(1 GeV)

Combine
gTowers 
using
4-vectors

 Create a geometric algorithm to reconstruct events 
inspired by o9ine topoclustering algorithm.

 To be implemented in FPGA (Field programable gate array)
 

Level 1 Trigger:
Analog → Digital
Feature Extractors
0.2 x 0.2 gTowers

Level 1 → Level 0
Level 1 Trigger:
Latency 24 μs
Potential access to 
full granularity 

Z' (5 TeV) → t t  
<μ> = 80

Local 
Max 
Finding

Seed Layer

Primary
Layer

● Ensure algorithm is robust for diAerent types of physics
● Investigate relative thresholds (e.g. ET compared to 
noise)

● Explore options (e.g. geometric) for limiting recursion 
● Add depth information to gTowers (EM and hadronic 
layers)

● Extend algorithm to .ner granularity
● Evaluate performance of boosted object and missing ET 
triggers

20 GeV seeds allow for a small 
number of rejected events but also 
limit number of seeds. 

Imposing a restriction on the primary 
layer threshold limits the number of 
gTowers per topocluster

3GeV                                                                          5GeV

ηη

η

η

ϕ

ϕ

ϕ ϕ
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Local Maximum Finding

Nominal

(-1.34, -1.01)              TruthTop: (-1.37, -1.06)
1185.0 GeV                               1706.5 GeV
  t → b W → b τ ν

              

(0.55, 2.09)              TruthTop: (0.54, 2.08)
1526.4 GeV                            1658.8 GeV
  t → b W → b u  d

              

We are here!

Number of Topoclusters

Phase-I Phase-II

Number of Tops vs. True Top p
T 
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! 2-­‐D	
  topoclustering	
  algorithm	
  
implemented	
  in	
  standalone	
  
simula>on	
  over	
  coarse	
  
(0.2x0.2)	
  granularity	
  

! Simple	
  local	
  maximum	
  finder	
  
in	
  lieu	
  of	
  split/merge	
  

! Fixed	
  threshold	
  op>miza>on	
  
performed;	
  rela>ve	
  threshold	
  
(using	
  noise)	
  op>miza>on	
  in	
  
progress

externally funded 
undergrads:  

Luc Lisi,  
Elliot Parrish,  

Brianna Stamas
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! Phase-­‐II	
  TDAQ	
  TDR	
  by	
  late	
  2017	
  

! L1Global	
  especially	
  important	
  if	
  limited	
  to	
  200kHz	
  

! R&D	
  on	
  topoclustering	
  op>on	
  needed	
  to	
  design	
  the	
  system!	
  

! Outstanding	
  ques>ons	
  

! Can	
  a	
  clustering-­‐like	
  op>on	
  (or	
  one	
  with	
  similar	
  performance)	
  be	
  
implemented	
  on	
  a	
  FPGA?	
  

! What	
  is	
  the	
  latency	
  of	
  such	
  an	
  algorithm?	
  

! What	
  is	
  the	
  op>mal	
  granularity	
  to	
  achieve	
  performance	
  goals	
   
(&	
  can	
  this	
  be	
  traded	
  for	
  latency?)	
  

! Context	
  within	
  interna>onal	
  ATLAS	
  

! L1Calo	
  community	
  currently	
  occupied	
  by	
  Phase	
  I	
  

! Results	
  will	
  be	
  presented	
  more	
  frequently	
  within	
  L1Calo	
  
Simula>on	
  group	
  

Project	
  Goals	
  /	
  Ques=ons

S.	
  Majewski,	
  TDAQ	
  Phase	
  II	
  R&D
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LDPS	
  Blade	
  [Demonstrator]

S.	
  Majewski,	
  TDAQ	
  Phase	
  II	
  R&D

! Oregon	
  LDPS	
  blade	
  has	
  been	
  
moved	
  to	
  CERN/EMF	
  to	
  read	
  out	
  
second	
  LAr	
  LTDB	
  demonstrator	
  

! Board	
  tested	
  in	
  situ	
  at	
  EMF	
  in	
  June;	
  
test	
  FW	
  loaded	
  and	
  fully	
  func>onal	
  

! Data	
  collec>on	
  dependent	
  on	
  
regional	
  eta-­‐phi	
  selec>on	
  trigger	
  
capability	
  from	
  L1Topo	
  in	
  the	
  
region	
  of	
  crate	
  I06:	
    
0	
  <	
  η	
  <	
  1.4,	
  9/16π	
  <	
  ϕ	
  <	
  11/16π

Oregon LDPS Blade

EMF @ CERN
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Status	
  and	
  Milestones

S.	
  Majewski,	
  TDAQ	
  Phase	
  II	
  R&D March 17-18, 2014 6

Status and Milestones

 Milestones for 2014/2015

 Install LDPS blade at Oregon ATCA shelf 

(equipment funded by S. Majewski startup and  

ATLAS collaborators)

 Develop =rmware for reading out demonstrator 

that will be installed in ATLAS at end of 2014

 Use data playback on test system to test 

Phase I/II MET clustering and pile-up ‑

correc+ons

 R&D funds support technician to install + 

maintain system and =rmware (0.33 FTE)

 Algorithm development by externally funded 

students (0.3-0.5 FTE) and postdocs (0.3-0.5 

FTE)

with
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that will be installed in ATLAS at end of 2014
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correc+ons

 R&D funds support technician to install + 

maintain system and =rmware (0.33 FTE)

 Algorithm development by externally funded 

students (0.3-0.5 FTE) and postdocs (0.3-0.5 

FTE)

✓
+ installation @ CERN

with

✓

by end of Q2, eng less available (Ph I + 
future detector R&D); 0.3 FTE for Q4

needs engineering input
Technician hired at 0.3 FTE 
(+0.2 FTE from CS) for Q4

basic fw version developed by other groups
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! Con>nue	
  algorithm	
  development	
  toward	
  an	
  early	
  proof-­‐of-­‐principle	
  
version	
  on	
  a	
  limited	
  eta	
  range	
  and	
  with	
  coarse	
  granularity 
[Q1	
  FY16,	
  using	
  0.30	
  FTE	
  engineer	
  from	
  Q4	
  FY15	
  +	
  0.5	
  FTE	
  technician	
   
+	
  students/postdoc	
  supported	
  by	
  external	
  funds]	
  

! Develop	
  firmware	
  for	
  reading	
  out	
  demonstrator	
  &	
  algorithm	
  tes>ng	
  
(carried	
  over	
  from	
  last	
  year,	
  con>ngent	
  on	
  L1Topo	
  commissioning)  
[0.25-­‐0.3	
  FTE	
  engineer	
  in	
  FY16]	
  	
  

! Inves>gate	
  addi>onal	
  algorithm	
  possibili>es	
  and	
  finer	
  granularity 
[students/postdoc	
  supported	
  by	
  external	
  funds]

Milestones	
  for	
  FY16

S.	
  Majewski,	
  TDAQ	
  Phase	
  II	
  R&D

note: will be descoped without 
additional support 



Summary

! A	
  plan	
  is	
  needed	
  to	
  maintain	
  the	
  MET	
  trigger	
  performance	
  for	
  the	
  
HL-­‐LHC	
  
❖ Opportunity	
  to	
  maintain	
  US	
  ATLAS	
  leadership	
  /	
  deliverables	
  in	
  
TDAQ	
  

❖ R&D	
  required	
  to	
  provide	
  input	
  into	
  the	
  system	
  design	
  for	
  the	
  
TDAQ	
  TDR	
  (end	
  2017)	
  

! Project	
  lies	
  at	
  the	
  intersec>on	
  between	
  LAr	
  and	
  TDAQ	
  
❖ Recognize	
  need	
  to	
  s>mulate	
  R&D	
  in	
  this	
  area	
  in	
  US	
  and	
  Int’l	
  LAr
+TDAQ	
  communi>es,	
  improve	
  visibility	
  

❖ Opportunity	
  for	
  significant	
  MET	
  trigger	
  performance	
  gains	
  with	
  
a	
  modest	
  investment	
  in	
  R&D	
  

❖ The	
  US	
  is	
  in	
  an	
  excellent	
  posi>on	
  to	
  claim	
  &	
  maintain	
  leadership	
  
in	
  this	
  area
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2	
  LTDB	
  demonstrators

! 2	
  demonstrators	
  installed	
  in	
  Crate	
  I06	
  in	
  Summer	
  2014,	
  
analog	
  path	
  part	
  of	
  ATLAS	
  trigger	
  system
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Digital motherboard, analog mezzanines 
(see talk by H. Chen):  
https://indico.cern.ch/event/337396/
contribution/7/material/slides/0.pdf

LTDB Demonstrator Revision 

09/22/20140 40

SPAC%Slave*

Analog motherboard, digital mezzanines (see 
talk by S. Simion):  
https://indico.cern.ch/event/337396/
contribution/6/material/1/0.pdf

LTDB LAL/SACLAY

S.Simion 22/9/2014

CEA/LAL LTDB integration at CERN, June 2014

Main board, analog section

5 + 4 Digital Mezzanines
32 ADC channels each
FPGA for 4.8 Gb/s serializers

36 Optical transmitters (VTTX)

LC-to-MTP fiber harness

5 MTP connectors on front panel (4 data out + 1 TTC in)

320 analog inputs from FEBs, 64 analog outputs for TBB
(280 in, 58 out used for the EM Barrel)

LTD
B LAL/SAC

LAY

S.Sim
ion 22/9/2014

adc32-V1 card, N
ovem

ber 2013

4.8 G
b/s

4.8 G
b/s

 1000

 1100

 1200

 1300

 1400

 1500

 1600

 1700-5
 0

 5
 10

 15
 20

 25
 30

Pulses read out via JTAG (for now
)

Setup is using Saclay 64-channel analog card
Noise approx 1.5 ADC RM

S

https://indico.cern.ch/event/337396/contribution/7/material/slides/0.pdf
https://indico.cern.ch/event/337396/contribution/6/material/1/0.pdf

